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Preface 



The modern field of asset pricing asks for sound pricing models grounded on 
the theory of financial economics a la Ingersoll (1987) as well as for accu- 
rate estimation techniques a la Hamilton (1994b) when it comes to empirical 
inferences of the specified model. The idea behind this book on hand is to 
provide the reader with a canonical framework that shows how to bridge the 
gap between the continuous- time pricing practice in financial engineering and 
the capital market data inevitably only available at discrete time intervals. 

Three major financial markets are to be examined for which we select the 
equity market, the bond market, and the electricity market. In each mar- 
ket we derive new valuation models to price selected financial instruments in 
continuous-time. The decision criterium for choosing a continuous-time model- 
ing framework is the richness of the stochastic theory available for continuous- 
time processes with Merton’s pioneering contributions to financial economics, 
collected in Merton (1992). The continuous-time framework, reviewed and as- 
sessed by Sundaresan (2000), allows us to obtain analytical pricing formulae 
that would be unavailable in a discrete time setting. However, at the time of 
implementing the derived theoretical pricing models on market data, that is 
necessarily sampled at discrete time intervals, we work with so-called exact 
discrete time equivalents a la Bergstrom (1984). We show how to conveniently 
work within a state space framework which we derive in a general setting as 
well as explicitly for each of the three applications. Thereupon we perform 
empirical maximum likelihood inferences implementing linear and extended 
specifications of Kalman filter algorithms. The Kalman filter framework was 
originally developed by Kalman (1960) and Kalman and Bucy (1961) for ap- 
plications in aerospace engineering (part of the astronautical guidance system 
of the Apollo project) and has successfully been used in electrical engineering. 
Only in the last decade, marked by Harvey (1989), Kalman filters have found 
ground as econometric tool for economic and financial estimation problems. 
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The technique of Kalman filtering generally leads to more efficient parameter 
estimates since it imposes greater theoretical modeling restrictions on the data 
than other commonly used methods. Given a hypothesized financial pricing 
model, the estimation procedure of Kalman filtering imposes cross-sectional as 
well as time-series restrictions, making it a true maximum likelihood method. 
We use different types of Kalman filter algorithms, which we introduce in 
chapter 2 of this book, to empirically estimate current pricing problems in 
the field of financial economics. 

The selected pricing issues within the chosen financial markets are pre- 
sented in the three distinct parts II, III, and IV of this book: 

In part II we investigate the pricing of equities. Within this asset class we 
specialize in the valuation of closed-end funds which share distinct financial 
characteristics of common joint-stock companies and mutual fund investment 
companies. In building our stochastic pricing model we especially draw our 
attention on the market anomaly that the market value of closed-end funds 
determined on organized exchanges differs dynamically over time from the 
reported value on their underlying investment portfolios by a discount or a 
premium. In fight of this anomaly we develop a two-factor valuation model 
of closed-end funds that takes into account both the price risk of the funds 
as well as the risk associated with altering discounts. Based on a state space 
formulation of the pricing model we estimate the relevant model parameters 
using a Kalman filter framework. Having validated our pricing model on a 
sample of emerging market closed-end funds traded on the New York Stock 
Exchange, we further assess the quality of the developed model for investor 
applications. There, we test the forecasting power of the valuation model to 
predict closed-end fund market prices and implement portfolio strategies using 
trading rules. The results of these applications indicate that the pricing model 
generates valuable investment information. 

For pricing fixed-income securities we present a new dynamic term struc- 
ture model in part III which belongs to the affine term structure models. 
Motivated by the incomplete market situation of fixed-income instruments 
we propose a pricing model that shifts from modeling static tastes to beliefs 
of the dynamic behavior of tastes. Besides a stochastic short interest rate the 
proposed two-factor term structure model allows for a stochastic behavior of 
the market price of interest rate risk. Given the theoretical term structure 
model we derive a closed-form expression for valuing discount bonds and ex- 
amine the implied term structures of interest rates and volatilities as initial 
characteristic results. We further show how to apply the term structure model 
in a consistent framework to manage interest rate risk and price interest rate 
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derivative securities. There we start with the concept of immunization using 
factor duration and price bond options, swap contracts, and interest rate caps 
and floors as the most relevant derivative contracts in risk management. Us- 
ing US market data on Treasury Securities, LIBOR rates, and swap rates we 
implement the theoretical pricing model based on a corresponding state space 
form. Linear and extended Kalman filter routines give us the possibility of 
estimating the model as well as extracting the time-series of the underlying 
state variables. 

In part IV we present a continuous-time pricing model for the valuation 
of electricity derivatives. Prom investigating more mature commodity mar- 
kets than the electricity market, we gather information on the price behavior 
of commodities and pricing models for commodity futures. For electricity 
prices we especially examine the most relevant idiosyncratic price patterns 
which are considered to be their seasonality, mean-reversion, and extreme 
volatility. Prom properly chosen model assumptions, especially capturing the 
unique characteristic of non-storability of electricity and the marked volatility 
in electricity prices being both high and variable over time, we build an appro- 
priate valuation model to price electricity forwards. The proposed stochastic 
volatility pricing model yields a closed-form solution to electricity forwards 
using risk neutral pricing techniques. Next, we empirically adapt the theoret- 
ical pricing model in state space form dealing with state variables that follow 
a non-Gaussian distribution; thereupon we implement an extended Kalman 
filter algorithm to estimate the model by means of maximum likelihood. Fi- 
nally, we report empirical results of the pricing model based on electricity 
data from the largely deregulated Californian power market. 

Each of these three application parts can be read independently and con- 
tains an introductory survey chapter which motivates the presented research 
and clears its context in the respective literature. Furthermore, each part 
concludes with a summary chapter where we finally present our findings. The 
asset pricing framework common to all three modeling and estimation appli- 
cations is comprehensively described in part I of this book. 

Although this preface is modified somewhat from that of the first edi- 
tion, some additional remarks will clarify how the second edition differs from 
the first, Kellerhals (2001). Chapters 3, 4, and 5 from the first edition are 
merged into one chapter, Estimation Principles. The references have been 
thoroughly updated, and nontrivial changes and improvements have been 
made throughout the chapters. Recent research contributions in the three 
covered fields of equities with closed-end funds, fixed-income products, and 
electricity derivatives are integrated in the text. The newly incorporated chap- 
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ter Financial Modeling especially provides a comprehensive treatment of the 
arbitrage pricing theory in continuous-time as formidable dynamic asset pric- 
ing background for the applications presented in parts II, III, and IV of this 
book. Finally, I am grateful to have had the chance to extensively work in 
the field of dynamic asset pricing theory as well as on aspects of econometric 
modeling, empirical estimation and calibration of applied financial models as a 
researcher and lecturer in the Department of Finance at the Eberhard-Karls- 
University Tubingen, Germany, in particular with my academic supervisor 
Rainer Schobel. The undergone research presented in the second edition in 
continuation of the first edition extensively profited from seminars, lectures, 
suggestions, and discussions from and with Yacine Ait-Sahaliah, Gunter Bam- 
berg, Michael Brennan, Wolfgang Biihler, Tarun Chordia, Roland Demmel, 
Gordon Gemmill, Stephan Heilig, Herbert Heyer, Olaf Korn, Roman Liesen- 
feld, Hartmut Nagel, Werner Neus, Ariane Reiss, Gerd Ronning, Christian 
Schlag, Manfred Stadler, Marliese Uhrig-Homburg, Nick Webber, and Jian- 
wei Zhu. I rededicate this book to my parents. 



Frankfurt am Main, 
January 2004 



B. Philipp Kellerhals 
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Financial Modeling 



Typical financial pricing models in continuous time are built upon hypothe- 
sized stochastic processes to assess the models’ dynamics over time and the 
underlying economy. A common and convenient method to describe the evo- 
lution of the modeled state variables is to specify their probabilistic behav- 
ior via ltd processes. Here, the basic building block is the Brownian motion 
which we examine in this chapter accompanied by the necessary stochas- 
tic calculus to set up appropriate stochastic differential equations. The fi- 
nal objective is to come close to finding the real data generating process 
behind the modeled capital market. The second part of this chapter intro- 
duces the fundamental no- arbitrage principle saying there should be no free 
lunch in efficient capital markets. This essential asset pricing argument can 
be employed in continuous time using the partial-differential-equation(PDE)- 
and the equivalent-martingale-method(EMM)-approach which we elaborate 
on two classical cases of asset pricing. Thereafter, we are equipped with the 
financial modeling framework for building and implementing financial pricing 
models for valuation and hedging purposes. 



1.1 Continuous-Time Stochastics 

1.1.1 Stochastic Processes and Brownian Motion 

To appropriately set up stochastic differential equations we first outline the 
conventions of stochastic processes and stochastic calculus in general, defined 
on a probability space which represents the uncertainty of the intertemporal 
stochastic economy. 

Definition 1.1 (Probability Space) The underlying set-up for stochastic 
processes consists of a complete probability space (i?, T, P), equipped with a 
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Chapter 1. Financial Modeling 



filtration , i.e. a non- decreasing family F = {3~t} t £T °f sub-a -fields of T : 
Ts C T t C ^ /or 0 < s < t < oo where T — [0, oo). Here , represents 
the information available at time t, and the filtration {J~t} t €T represents the 
information flow evolving over time and accruing to all agents in the economy. 

Definition 1.2 (Stochastic Process) A scalar (n-vector) stochastic 
process , denoted by {X t } tGT , is a family of random variables (n-vectors) 
indexed by the parameter set T, where the parameter t will refer to time in our 
applications. The process is defined on a filtered probability space (fi,T, P,F) 
with values in R n . We say the process is adapted if X* E Tt for each time 
t, i.e. Xt is Tt -measurable; thus , X t is known when Tt is known. Further, if 
a filtration is generated by a stochastic process, i.e.Tt = <r(X s ;0 < s <t), 
we call Tt the natural filtration of the process {Xt} teT . Thus, a process is 
always adapted to its natural filtration. 

A straightforward classification of stochastic processes is the following: If 
the random variables (vectors) Xt are discrete, we say that the stochastic 
process has a discrete state space. If they are continuous, the process is said 
to have a continuous state space. The parameter set may also be discrete (for 
example, T = {1,2,,... , n}, or T = {1, 2, 3, . . . }) or continuous (for example, 
T = [0, 1], or T = [0, oo)). If the parameter set T is discrete, the stochastic 
process is a discrete parameter process; however, if it is continuous, we say 
that the stochastic process is a continuous parameter process. An overview of 
this classification is shown in table 1.1 following Jazwinski (1970). 



Table 1.1. Classification of Stochastic Processes 



Classifying 


Parameter Set T 


Characteristics 


Discrete 


Continuous 


State 


Discrete 


Discrete Parameter 
Chain 


Continuous Parameter 
Chain 


Space X 


Continuous 


Random Sequence 


Stochastic Process 



Important to mention is that a stochastic process is measurable with re- 
spect to two distinct spaces: For every t E T the process Xt is a random 
variable with u — ► X* (cu) ; u E if we fix the value for u E Q we obtain the 
mapping t — > Xt (u ) ; t E T, a so-called path of Xt. Thereby, we need to look 
at a stochastic process as a function of two distinct variables (t,u;) — > X (t,u) 
from Txl? into the space JR 1 . 
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Among the most popular building blocks of stochastic models in finan- 
cial economics is the standard Brownian motion , which also underlies the 
continuous-time pricing models presented in this book. 1 This elementary 
stochastic process satisfies some distinct properties defined as follows. 

Definition 1.3 (Standard Brownian Motion) A continuous parameter pro- 
cess {Wt}t > o i> s a Brownian motion under the probability measure P if 

(i) every increment Wt+ r — Wt is normally distributed with 
under F, and 

(ii) for every pair of disjoint time intervals [£ 3 ^ 4 ] ('with t\ <t 2 < 

H < £ 4 ) the increments W 2 — W\ and W 4 — W 3 are independent random 
variables , and 

(Hi) P (Wo = 0) = 1 and Wt is continuous att = 0. 

For (Wt}t>o to be a standard Brownian motion (or Wiener process), we need 
to fix the parameters at p — 0 and a — 1 . 

This means that the increment Wt+ r — Wt is independent of the past, or 
alternatively, if we know W t , then further knowledge of the values of W s for 
s < t has no effect on our knowledge of the probability law governing W t + T — 
W t . This Markovian property of the standard Brownian motion describes 
a stochastic process for which everything that we know about its future is 
summarized by its current value. 

Definition 1.4 (Markov Process) A continuous-time stochastic process 
{Wt}t > 0 is Markovian , if 



F[W t < w\W Uj 0 < u < s\ = F[W t < w\W s ] , 



for all s <t. 

Furthermore, the standard Brownian motion is a Gaussian process, since 
it has a normal distribution with specific first two moments - the mean p = 0 
and the variance a 1 —r? 

1 The earliest modeling is by Bachelier (1900), who used this type of stochastic 
processes to describe stock price movements. To cover jumps in the dynamics of 
a security, one can add a Poisson process component; see, for example, Merton 
(1976). 

2 See, for example, Karlin and Taylor (1975, p. 376) and also for further standard 
distributions Abramowitz and Stegun (1965) and Stuart and Ord (1994). 




